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Does the item ‘hands on floor’ add value to the Beighton 
score in identifying joint hypermobility?
Introduction
The prevalence of joint hypermobility, the ability to move beyond the normal range of motion (ROM) in 
less than five joints (localized hypermobility) or more than five joints (generalized joint hypermobility [GJH]) 
(1), depends on age, gender, and ethnicity of the population (2-12). The population prevalence of GJH is 
estimated to be 10%-30%, with significantly higher rates among children, females, and Asian and African 
racial groups (5, 6, 9-12).
Pain, musculoskeletal disorders, a motor developmental delay, and motor coordination problems are often 
reported in children with GJH (13, 14), which may persist into adulthood (15). Therefore, diagnosis and 
management of hypermobility are of great importance.
Due to the variety of health professionals (pediatricians, rheumatologists, orthopedic surgeons, and phys-
iotherapists) who are qualified to diagnose hypermobility, it is important to use valid, reliable and repro-
ducible instruments to gain consensus and ensure the multidisciplinary approach when diagnosing and 
treating such patients (13, 14, 16).
Different diagnostic and screening tools are available to identify joint hypermobility and joint hypermo-
bility syndrome: the Beighton score (17, 18), Bulbena/Barcelona criteria (19), Brighton criteria (20), Car-
ter-Wilkinson criteria (2, 21), and Biro criteria (22, 23). The Beighton score, most commonly used worldwide 
(3, 5-7, 9-11, 13, 16, 17, 23-26), is an adaptation of the Carter-Wilkinson criteria (27), and it was originally 
developed for research related to joint hypermobility in the Ehlers-Danlos syndrome (18). Beighton and 
Horan (18) replaced the item “passive hyperextension of the fingers parallel to the extensor side of the 
forearm” of the Carter-Wilkinson criteria to “dorsiflexion of the 5th digit,” as they believed the former move-
ment was too far-reaching for many subjects. They also replaced the item “passive dorsiflexion of the 
ankle and eversion of the foot” with “forward flexion of the trunk,” as small variations in movement of the 
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Abstract
Objective: Different assessment tools are used to screen for joint hypermobility. One of the most com-
monly used tools is the Beighton score. However, the inclusion of the item “hands on floor” (HOF) has 
been questioned, as this maneuver is not a pure measure of the range of motion because it involves 
multiple joints and stretching of muscular structures. This study therefore aimed to determine the 
value of the HOF item to the Beighton score in children aged 6-11 years.
Methods: Exploratory research involved children in Grades 1-4 attending four different primary schools 
in South Africa. Children with a severe medical or neurological condition were excluded from the 
study. Hypermobility was determined as a score ≥5/8 on the Beighton score excluding the HOF item.
Results: A total of 460 children (median age 8.58 years [interquartile range, 7.33-9.50]) were tested, 
of which 34.57% were hypermobile. However, only 8.91% of all children scored positive on HOF. 
Although a significant association was found between HOF and the hypermobility classification 
(p=0.007), 86.16% of the hypermobile children could not place their hands flat on the floor. Internal 
consistency improved slightly when HOF was removed from the scale (α changed from 0.698 to 
0.703), with a weak corrected item-total correlation (r=0.16). The specificity of the item HOF in identi-
fying hypermobility is high (93.69%); however, the sensitivity is very low (13.84%).
Conclusion: This study does not show an additional value of the item HOF of the Beighton score in 
children.
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ankle and foot were found in a normal pop-
ulation. Further, the Carter-Wilkinson criteria 
used a cut-off score of three positive items, 
including both the upper and lower limb, to 
define GJH (21). However, this scoring system 
was later adapted by Beighton et al. (17), for 
use in their epidemiological study of a South 
African population. Therefore, the Beighton 
scoring system, as used today, contains five 
items, with a score ranging from 0 to 9 (18). 
Items 1 to 4 are assessed bilaterally. Item 1 
assesses passive dorsiflexion of the metacar-
pophalangeal joint, scoring positive when the 
5th digit can move beyond 90° dorsiflexion. 
Item 2 is scored positively when the thumb 
can touch the flexor side of the forearm. Items 
3 (elbow) and 4 (knee) assess the hyperexten-
sion of the joint with a positive score when 
the joint can be passively extended past 10°. 
Item 5 assesses the ability to reach for the 
floor with both hands, while the knees stay in 
extension. A positive score is attributed when 
the person can place both hands flat on the 
floor (18).
Although the Beighton score is the most fre-
quently used screening tool, no clear universal 
cut-off score is defined to identify hypermobili-
ty in children and adults (3, 5-7, 9-11, 13, 16, 17, 
23-26). Further, only a few studies investigated 
the validity and reliability of the Beighton score, 
presenting mixed results (3, 16, 19, 24). In the 
study of Ferrari et al. (3), the Beighton score 
was compared to the Lower Limb Assessment 
Score (LLAS) in three groups of children (normo-
mobile, possible hypermobile, and known hy-
permobile). The Beighton score was unable to 
differentiate between these groups. However, 
an agreement between both assessment tools 
was found in 69% of the cases; particularly in 
the group with known hypermobility, a strong 
agreement was found between the LLAS and 
Beighton score (in 80% of the cases). This could 
indicate that the Beighton score can identify 
children with general hypermobility, but that 
the LLAS is preferred over the Beighton score 
when identifying lower limb joint hypermobil-
ity (3). A review by Remvig et al. (16) conclud-
ed that the Beighton score is a reproducible 
tool, particularly when used by experienced 
rheumatologists. However, further studies are 
needed to ascertain its validity and determine 
its sensitivity and specificity. Smits-Engelsman et 
al. (24) investigated the validity of the Beighton 
score by comparing it with a “standardized joint 
mobility protocol” (which assessed the passive 
ROM of eight different joints). They found that 
the Beighton score was a valid tool for mea-
suring GH when items were measured with a 
goniometer. Finally, the study by Bulbena et al. 
(19) reported a high predictive and concurrent 
validity of the Beighton, Carter-Wilkinson, and 
Rotés-Querol criteria.
The separate items of the Beighton score have 
not been analyzed in the literature. A few stud-
ies reported scores for the separate Beighton 
score items within a pediatric population, re-
vealing that the item HOF is less often scored 
positive in children compared to the other 
items (5, 11, 26). It can be hypothesized that 
the item HOF measures more than single joint 
hypermobility, as the movement is comparable 
to a sit-and-reach test, which is influenced by 
the hamstrings length, spinal mobility, hip joint 
ROM, and anthropometric characteristics (28-
30). Therefore, it is unclear whether HOF has 
a place within the Beighton score, as all other 
items are single joint ROM measurements.
This study therefore aims to determine wheth-
er the HOF item provides an additional value 
to the Beighton score. The item will be con-
sidered to have an additional value if (I) the 
internal consistency decreases when the item 
is removed from the test, (II) a moderate cor-
relation (≥0.20) is obtained for the corrected 
item-total correlation between the Beighton 
score items, and (III) high sensitivity and speci-
ficity are found (>80%).
Methods
This study used a cross-sectional exploratory 
study design, assessing children at one point 
in time. Ethical approval to conduct this re-
search was granted by the University of Cape 
Town Human Research Ethics Committee (ref: 
556/2014). Further approval was obtained 
from the Western Cape Department of Edu-
cation; and parent and children provided their 
consent/assent to take part in the study.
Participants
Children aged 6-11 years attending Grades 
1-4 in four different mainstream primary 
schools in Cape Town, South Africa, were 
enrolled in the study. Children identified as 
having any medical or neurological prob-
lems (based on parental reports) were ex-
cluded from the study. All children eligible 
for the study, who returned signed consent 
and assent forms, were enrolled in the study. 
A sample of convenience was used. All chil-
dren included in this study were of Black Af-
rican or mixed ancestry.
Hypermobility assessment
This study used a cut-off score of ≥5/9 on the 
Beighton score to determine hypermobil-
ity. Description of the Beighton score can be 
found in the introduction. To analyze the use-
fulness of the item HOF, the item was removed 
from the total Beighton score, referred to as the 
ROM score. This score only includes the scores 
of the elbow, knee, thumb, and 5th digit, giving 
a total maximum score of 8. The cut-off score 
for identification of hypermobility was set at 
≥5/8.
Procedure
Data were collected in a separate classroom, 
during school hours. Children performed other 
movement tests prior to the assessment of the 
Beighton score, which provided a generalized 
but non-standardized warm-up session. The 
procedure was explained verbally to all chil-
dren prior to testing. Testing was conducted by 
trained pediatric physiotherapists. Children did 
not wear shoes when the HOF item was test-
ed, and the tested joints were free of clothes to 
maintain accuracy. A goniometer was used to 
measure the items “dorsiflexion of the 5th digit 
beyond 90°,” “elbow extension beyond 10°,” and 
“extension of the knees beyond 10°” to prevent 
observational bias. Handedness was not re-
corded during the test procedure.
Statistical analysis
Data were analyzed using the IBM Statistical 
Package for the Social Sciences software ver-
sion 25.0 (IBM SPSS Corp.; Armonk, NY, USA). 
Normality of the data was tested using the 
Shapiro-Wilk test. The children’s descriptive 
information is presented as the mean and 
standard deviation (SD) or median and inter-
quartile range (IQR), depending on data dis-
tribution. Frequency tables and percentages 
were used together with the Pearson Chi-
squared test to analyze associations and fre-
quencies. Further, the Cronbach α was calcu-
lated to determine internal consistency with 
corrected item-total correlation. Finally, the 
specificity and sensitivity of the HOF item has 
been analyzed, using the receiver operator 
characteristic (ROC) curve. The significance 
level was set at 0.05.
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Main Points
• Most children struggle to place their 
hands flat on the floor while standing, 
whether they are hypermobile or not.
• Children who can place their hands on 
the floor while standing are more likely 
to have generalized hypermobility (high 
specificity).
• Children who fail to put their hands on 
the floor while standing are not all nor-
momobile (low sensitivity).
• The item HOF of the Beighton score does 
not have additional value in identifying 
children with hypermobility.
Results
A total of 460 children were enrolled in the 
study (median [IQR] age of 8.58 [7.33-9.50] 
years, 233 boys and 227 girls). Table 1 presents 
the participants’ characteristics. All data, except 
the height in centimeters, were skewed. An 
overview of the frequency of positive scores 
per item is presented in Figure 1. Frequencies 
for the four bilateral items ranged from 33.70% 
to 56.74%; however, only 8.91% of children 
scored positive on the HOF item.
A significant association is found between the 
item HOF and mobility classified based on the 
ROM score (χ²=7.26; df=1; p=0.007). However, 
86.16% (137/159) of the hypermobile children 
were unable to place the palms of the hands 
flat on the floor (Figure 1).
The Cronbach α of the entire 9-item score (α= 
0.698) changed slightly when the HOF item 
was removed from the dataset (α=0.703). 
Furthermore, a low item-total correlation co-
efficient was found between the HOF item 
and other items of the score (Table 2). And 
finally, ROC revealed an area under the curve 
of 0.54 (p=0.184), with a high specificity of 
the HOF item (93.69%), but a low sensitivity 
(13.84%).
Discussion
The aim of this study was to determine wheth-
er the HOF item adds additional value to the 
Beighton score in children. The current study’s 
results suggest that the HOF item shows very 
little discriminative value as only seven chil-
dren shifted from the category hypermobile 
to normomobile when the item was removed 
from the screening tool (with the ROM cut-off 
score ≥5/8). Further, the internal consistency 
increased slightly when the item was removed 
from the test, and a very weak item-total cor-
relation was found between HOF and the 
other items of the score. The ROC analysis also 
revealed a very poor diagnostic ability of the 
item HOF.
Although a significant relation was found be-
tween HOF and hypermobility (based on the 
ROM score), 85.6% of the hypermobile children 
could not place the palms of their hands flat 
on the floor. In addition, HOF scored positive 
in the least number of participants with only 
8.6% of all children (normomobile and hyper-
mobile) able to reach for the floor. Hypermo-
bile children were able to put the hands flat 
on the floor more often (13.84%) than normal 
mobile children (6.31%). However, all the other 
items reached percentages of 64.78%-91.19% 
in the hypermobile group. This is related to the 
high specificity and low sensitivity found for 
the item HOF.
The low number of participants being able to 
reach for the floor in our study is in line with 
the study by Hasija et al. (11); however, the au-
thors found a higher percentage (17%) of the 
participants being able to reach the floor than 
in the current study. Quatman et al. (26) also 
found that the HOF item was least often scored 
positive within the pre-pubertal and pubertal 
groups, but this discrepancy disappeared in 
their post-pubertal group. The study by Lamari 
et al. (31) also found a low percentage (14%) 
of children scoring positive on the HOF item; 
however, they found that the item “extension 
of the knees” scored even lower (12.5%). The 
lower percentage of children who can place 
the palms of their hands on the floor in our 
study could be attributed to the anatomical 
leg length difference between ethnic groups. 
A shorter leg length is found in Caucasian pop-
ulations compared to African populations (32), 
which might explain why the children in our 
study struggled to place their palms on the 
floor. Also, developmental changes in body 
segments need to be taken into consideration. 
The growth rate of the long bones, and there-
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Table 1. Characteristics of participants.
Characteristic Male Female Total
N  233 (50.65%) 227 (49.35%) 460
Age (year), median (IQR) 8.67 (7.33-9.50) 8.58 (7.42-9.50) 8.58 (7.33-9.50)
Weight (kg), median (IQR) 27.50 (23.60-31.70) 28.50 (23.10-33.10) 27.75 (23.50-32.35)
Height (cm), mean (SD) 130.15 (9.28) 130.21 (9.80) 130.18 (9.53)
Beighton score (≥5/9)
 -  Normomobile, n (%) 150 (64.38) 144 (63.44) 294 (63.91)
 -  Hypermobile, n (%) 83 (35.62) 83 (36.56) 166 (36.09)
ROM score (≥5/8)
 -  Normomobile, n (%) 152 (65.24) 149 (65.64) 301 (65.43)
 -  Hypermobile, n (%) 81 (34.76) 78 (34.36) 159 (34.57)
IQR: interquartile range; N: number of participants; ROM: range of motion; SD: standard deviation.
Table 2. Item-total correlation for the Beighton 
score items.
  Item-Total  
Item Correlation
Dorsiflexion 5th digit right 0.42
Dorsiflexion 5th digit left 0.43
Elbow right 0.41
Elbow left 0.40
Knee right 0.32
Knee left 0.23
Thumb right 0.48
Thumb left 0.47
Hands on floor 0.16
Figure 1. Proportion of positive scores on the Beighton items per ROM category (based on the 
ROM score ≥5/8 indicating hypermobility) and of the total population.
fore the limbs, is higher in young children than 
the growth rate of the trunk and head, which 
continues until puberty (33). During adoles-
cence, the growth rate of the trunk surpasses 
the rate of the limbs to develop a more adult-
like appearance (33).
The current study was conducted in South Af-
rica, in a low socio-economic, Black African and 
mixed ancestry community. African and Indian 
populations have been found to be more flexi-
ble than Caucasian populations (34, 35), which 
makes it impossible to make generalizations 
about other ethnic groups.
More research is warranted to determine the 
additional value of the HOF item, particularly 
investigation into the different confounding 
factors, such as the muscle length, leg-length-
to-trunk ratio, and the arm length and spinal 
mobility in different ethnic groups. Currently 
the Beighton score only includes one lower 
limb item “extension of the knees beyond 10°.” 
Adding another easy-to-measure lower limb 
item could increase test consistency and diag-
nostic value. Therefore, we recommend replac-
ing the HOF item with passive dorsiflexion of 
the ankle beyond 25°, similarly to the original 
item in the Carter-Wilkinson criteria (21), with 
a cut-off value based on a study conducted 
by Smits-Engelsman et al. (24). However, fur-
ther investigation about this item and the 
cut-off value is warranted. Also, further analysis 
should be done on the validity and reliability 
of the different items of the Beighton score, to 
determine whether this tool can be used as a 
screening test for GJH in different ethnic and 
age groups.
Based on our results, the HOF item does not 
add additional value to the Beighton score in 
children of Black African and mixed ancestry. 
The body composition and the various con-
founding factors (assessing not merely ROM) 
are most likely affecting the outcome of the 
HOF item in children. Hence, the clinical rele-
vance of this item to assess hypermobility in 
children is questionable, suggesting the use 
of the Beighton score without the HOF item in 
this population. Investigating the replacement 
of the item with, for example, passive dorsiflex-
ion of the ankle is recommended.
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